To investigate the origin of the HIMU (high-µ) reservoir in the mantle, we measured Li, Sr, and Nd isotopic compositions of several oceanic island basalts (OIBs) from the Polynesian region. We used a recently developed multiple-collector inductively coupled plasma mass spectrometry method that allows precise and accurate Li isotopic determinations. This study presents the first Li isotopic data on HIMU OIBs. Li] L-SVEC standard -1] × 1000) of the Polynesian HIMU OIBs (Mangaia, Tubuai, and Rurutu) range from +5.0‰ to +7.4‰, which are higher than those of fresh normal mid-ocean ridge basalt (N-MORB) glasses (ca. +3‰). The simultaneously measured K/Rb, Ba/Rb, and 87 Sr/ 86 Sr ratios indicate that the analyzed HIMU OIBs are free from significant posteruption alteration. These results suggest that the δ 7 Li value of the Polynesian HIMU source is never lower than those of the N-MORBs.
INTRODUCTION
Understanding material cycles in the Earth's interior helps us to understand the evolution of the solid Earth. Radiogenic isotopic ratios (e.g., Sr, Nd, Pb, Hf, and Os) have been used to track recycled components in the mantle. Lithium (Li) is a fluid-mobile light alkali metal element that can be used to track fluid processes in the mantle (Berger et al., 1988; Brenan et al., 1998; Seyfried et al., 1998) . Lithium is a moderately incompatible element during partial melting (Ryan and Langmuir, 1987) , and it is incorporated into mantle minerals at the ppm level (Eggins et al., 1998; Seitz and Woodland, 2000; Paquin and Altherr, 2002) . In addition, the large mass difference 2002). This study uses a recently developed multiple-collector inductively coupled plasma mass spectrometry (MC-ICP-MS) method that allows rapid and accurate lithium isotopic determinations on Li-poor mantle-derived samples (Tomascak et al., 1999a; .
A bulk solar system δ 7 Li value of about ±0‰ has been estimated from chondritic meteorite data (Moriguti and Nakamura, 1998a) . Zack et al. (2003) documented for the first time that distinct reservoirs with an isotopically light Li signature (δ 7 Li << ±0‰) exist in the Earth (Fig. 1 , e.g., Chan and Edmond, 1988; Chan et al., 1992 Chan et al., , 1994 Chan et al., , 1999 Chan et al., , 2002b You and Chan, 1996; Huh et al., 1998 Huh et al., , 2001 Moriguti and Nakamura, 1998a, b; Zhang et al., 1998; Tomascak et al., 1999a Tomascak et al., , 2000 Tomascak et al., , 2002 Chan and Kastner, 2000; James and Palmer, 2000; .
Recently, dramatically low δ 7 Li values have been reported in several mantle-derived xenoliths, about -17‰ (Nishio et al., 2004) , and in eclogites from Trescolmen, Switzerland, about -11‰ (Zack et al., 2003) . The Trescolmen eclogites are considered to be an analog of oceanic crust subducted along a warm geotherm (Zack et al., 2002 (Zack et al., , 2003 . Using an open-system Rayleigh distillation model, Zack et al. (2003) demonstrated that the extremely low δ 7 Li values of Trescolmen eclogites were due to fluid loss (dehydration) by highly altered oceanic crust. The δ 7 Li value of Li in dehydrated fluid should be higher than that in the residual slab Li (Zack et al., 2003) . During low-temperature alteration at the seafloor, the δ 7 Li values of altered mid-ocean ridge basalts (MORBs) tend to increase with the degree of alteration, but those of (Chan et al., 1992; Moriguti and Nakamura, 1998a) , arc lavas (Moriguti and Nakamura, 1998a; Tomascak et al., 2000 Tomascak et al., , 2002 Chan et al., 2002b) , oceanic sediments (Chan et al., 1994; Zhang et al., 1998; Chan et al., 1999; Chan and Kastner, 2000) , river water (Huh et al., 1998 (Huh et al., , 2001 , seawater (Chan and Edmond, 1988; You and Chan, 1996; Moriguti and Nakamura, 1998b; Tomascak et al., 1999a; James and Palmer, 2000; Pistiner and Henderson, 2003) , mantle-derived xenolith (clinopyroxene data) (Nishio et al., 2004) , eclogite (whole-rock data) (Zack et al., 2003) . The data for the altered oceanic crust consist of those of low-temperature altered basalts (Chan et al., 1992 (Chan et al., , 2002b , high-temperature altered basalts (Chan et al., 2002b) , and serpentinized abyssal peridotite (whole-rock data) (Decitre et al., 2002) . Available OIB data are limited to the Hawaiian lava data (Tomascak et al., 1999b; James and Palmer, 2000; Chan and Frey, 2003; Pistiner and Henderson, 2003) . Based on the K/Rb ratios, the OIB data of Mauna Loa, Mauna Kea, and Koolau are divided into two sample groups (Chan and Frey, 2003) .
Fig. 1. Range of lithium isotopic compositions in volcanic rocks and related samples. Sample sources: MORBs
subducting, altered MORBs decrease after dehydration in the subduction zone (Zack et al., 2003) . Moreover, Zack et al. (2003) pointed out that an isotopically light Li component (δ 7 Li < fresh MORB) might be subducted deeply and form a distinct mantle reservoir that could be found in a plume-related magma.
Based on Sr, Nd, and Pb radiogenic isotopic data, at least four end-member components have been proposed as the source of oceanic island basalts (OIBs): depleted mantle (DM), high 238 U/ 204 Pb mantle (HIMU), and two types of enriched mantle (EM1 and EM2) (e.g., Zindler and Hart, 1986 Vollmer, 1977; Vidal and Dosso, 1978; Allegre et al., 1980; Hart et al., 1986; Nakamura and Tatsumoto, 1988) . Of the numerous models, the most widely accepted explanation of the HIMU source is that it involves subducted oceanic crust that has been depleted in Pb relative to U and Th by hydrothermal alteration processes at mid-oceanic ridges and/or by dehydration processes in subduction zones (e.g., Chase, 1981; Hofmann and White, 1982; Weaver, 1991; Chauvel et al., 1992; Kogiso et al., 1997) .
As mentioned above, it has been predicted that the δ 7 Li value of subducted highly altered MORB would be extremely low compared that of fresh MORB. Hence, determining the δ 7 Li value of the HIMU reservoir should provide a better opportunity to constrain the origin of the HIMU source. The Li isotopic data of the HIMU endmember source, however, has been never published, except in a few brief conference abstracts (Nishio et al., 2003; Jeffcoate and Elliott, 2003) . Therefore, we analyzed the Li isotopic composition of several Polynesian OIBs, including samples with both HIMU and EM characteristics. Li isotopic composition of the DM reservoir is crucial to the interpretation of the Li isotopic result of the HIMU reservoir. In this paper, the δ 7 Li value of fresh normal (N)-MORB glass (+3.2 ± 1.4‰, 2σ) is used as that of the DM reservoir (Appendix A).
SAMPLES
The six samples analyzed were alkalic basalts from Mangaia, Rurutu, and Tubuai in the Cook-Austral, Tahiti in the Society, and Ua Pou and Hiva Oa in the Marquesas island groups (Fig. 2) . The detailed petrological and geochemical results, including Pb isotopic data, for the samples analyzed in this study have been previously reported (Kogiso et al., 1997 Table 1 , Kogiso et al., 1997) . Compared with these values, the Pb isotopic ratios of the Tahiti, Ua Pou, and Hiva Kogiso et al. (1987). b K data are from Kogiso et al. (1987) and Rb data are from this study (Kogiso et al., 1997) . The ages of the volcanism are 19.5-17 Ma in Mangaia, 12-7 Ma in Tubuai, 1.7-0.3 Ma in Tahiti, 5.6-1.8 Ma in Ua Pou, and 3.2-1.6 Ma in Hiva Oa (Duncan and McDougall, 1976; Turner and Jarrard, 1982; Duncan et al., 1986; Katao et al., 1988) . At Rurutu, two pulses of volcanic activity (around 12 Ma and 1-2 Ma) has been recognized (Duncan and McDougall, 1976; Turner and Jarrard, 1982; Brousse et al., 1990) . The Rurutu sample analyzed in this study was lava from the older series.
ANALYTICAL PROCEDURES
From about 500 available samples, relatively fresh rocks were selected for analysis (Kogiso et al., 1997) . Each rock sample was crushed into small fragments using a hammer (Kogiso et al., 1997) . After repeated crushing into tiny fragments (about 3 mm in diameter), relatively fresh fragments were collected manually to avoid contamination. Collected rock fragments were then washed ultrasonically in a 5% HNO 3 solution (15 min) and in Milli-Q water (15 min × 2 times). After they were dry, the rock fragments were crushed to powder with an agate mortar. After digestion of powdered samples (50 mg) with concentrated HF and HClO 4 , Li, Sr, and light rare earth elements (LREEs) were separated by using cation exchange chromatography (BioRad AG 50W-X8). Separation of Nd from the other LREEs was performed by using an Ln-resin column (Eichrom).
Li, Sr, and Nd isotopic ratios were measured in solutions with about 100 ppb Li, 100 ppb Sr, and 50 ppb Nd, respectively, using a GV Instrument (previously, Micromass) Isoprobe MC-ICP-MS. For Li isotopic measurements, a Cetac nebulizer (T1H) was used, and for Sr and Nd isotopic measurements, a micromist nebulizer from Glass Expansion Pty. Ltd. was used. Procedural blanks for Li, Sr, and Nd isotopic analyses were less than 10 pg, 50 pg, and 10 pg, respectively. For Li isotopic analyses, samples were bracketed by a Li standard solution (NIST L-SVEC) to correct the isotopic compositions for instrumental mass bias. Nishio et al., 2004) . Details of our Li-Sr-Nd isotopic analytical protocol using MC-ICP-MS were previously documented Nishio et al., 2004) .
The concentration of Li was determined by MC-ICP-MS after column separation . Analytical errors for Li abundances were better than 12% at 2σ, respectively, as estimated from the reproducibility of standard rocks . The other trace elemental abundances were determined with a quadrupole ICP-MS (PQ3, Thermo Elemental) without purification, using a method in which the matrix effect is corrected by internal standards of indium (In) and rhenium (Re). The analytical results for trace elemental abundances (other than Li) are listed in Table B1 (Appendix B), together with the standard rock (JA1) data and their reproducibilities. Zindler and Hart (1986) . The δ 7 Li value of the DM reservoir is estimated from fresh N-MORB glass data . The δ 7 Li values of the EM1 and EM2 reservoirs are estimated from mantle-derived xenolith data (Nishio et al., 2004) .
RESULTS
The whole-rock Li, Sr, and Nd isotopic compositions of the analyzed Polynesian OIBs are listed in Table 1 , together with the previously reported 206 Pb/ 204 Pb ratios (Kogiso et al., 1997) . As mentioned in Section "Samples", the analyzed Mangaia, Tubuai, and Rurutu OIBs are classified as HIMU OIBs ( 206 Pb/ 204 Pb > 20.5) (Figs. 3a and 3b) (Kogiso et al., 1997 Palacz and Saunders, 1986; Nakamura and Tatsumoto, 1988; Hauri and Hart, 1993; Woodhead, 1996; Chauvel et al., 1997; Hanyu and Nakamura, 2000; Schiano et al., 2001) .
The observed δ 7 Li values of the HIMU OIBs varied from +5.0‰ to +7.4‰ (Fig. 3b) ; these values are higher than those of fresh N-MORB glasses (+3.2 ± 1.4‰, 2σ, ) (in Fig. 3b , the δ 7 Li range of NMORBs is shown as DM, depleted mantle). Among the analyzed Polynesian OIBs, the Mangaia OIB had the highest δ 7 Li value (+7.4‰). Before this study, published Li isotopic data for OIBs were limited to those of Hawaiian lavas from Kilauea, Koolau, Mauna Loa, and Mauna Kea (Tomascak et al., 1999b; James and Palmer, 2000; Chan and Frey, 2003; Pistiner and Henderson, 2003) . As shown in Fig. 1 , the δ 7 Li values of Kilauea lavas range from +3.0‰ to +5.8‰ (Tomascak et al., 1999b; James and Palmer, 2000; Chan and Frey, 2003; Pistiner and Henderson, 2003) , and those of unaltered lavas from Kilauea, Koolau, Mauna Loa, and Mauna Kea range from (Chan and Frey, 2003) . Also shown are previously reported mantle-derived xenolith data (CPX data) (Nishio et al., 2004) . The fresh N-MORB data are from Nishio's unpublished data. Data sources for the mantle reservoirs are as in Fig. 3. +3.5‰ to +7.0‰ (whole-rock data of OIBs with K/Rb ratios lower than 630, Chan and Frey, 2003) . Accordingly, the δ 7 Li value of the Mangaia OIB is the highest yet reported for OIBs (Figs. 4b and 4c ). Similar to that of the Mangaia OIB (+7.4‰), the measured δ 7 Li value of the Ua Pou OIB (+6.1‰) was significantly higher than those of fresh N-MORB glasses (+3.2 ± 1.4‰, 2σ, (Table 1 and Fig. 3b) .
In Nd ratios of EM sources are higher and lower, respectively, than those of HIMU-DM (Fig. 4a) .
DISCUSSION

Li isotopic composition of the HIMU source
The δ 7 Li values of the analyzed Polynesian HIMU OIBs (+5.0‰ to +7.4‰) were significantly higher than those of fresh N-MORB glasses (+3.2 ± 1.4‰, 2σ, ). Because per-mil level isotopic fractionation does not occur during high-temperature processes (Tomascak et al., 1999b) , the high δ 7 Li values (>MORBs) of Polynesian HIMU OIBs cannot be due to Li isotopic fractionation by crystal-melt reactions. Indeed, the measured δ 7 Li values of the Polynesian HIMU OIBs (+5.0‰ to +7.4‰) do not correlate with SiO 2 or MgO content as would be expected in the case of crystal-melt fractionation (Table 1 , SiO 2 and MgO data from Kogiso et al., 1997) .
More critical than excluding crystal-melt fractionation is distinguishing potential effects of posteruption alteration of Li isotopic signatures from pristine mantle Li isotopic signatures. A crucial aspect of the extreme HIMU signature ( 206 Pb/ 204 Pb > 20.5) is that it is not found in historical lavas, but only on islands (Mangaia, Tubuai, Rurutu, and St. Helena) where volcanism occurred some 10 Ma (Thirlwall, 1997) . This is not a big issue with many isotopic tracers, although Li isotopic ratios may be more sensitive to posteruption alteration. Globally, Li isotopic fractionation occurs dominantly by surface weathering processes, which are highly active in subtropical locations such as the Polynesian region.
Because of this, we also measured several confirmed indicators of posteruption alteration together with δ 7 Li values. The simultaneously measured Ba/Rb ratios (10-15) suggest that the analyzed HIMU OIBs are free from significant posteruption alteration (Table 1) . It is known that Ba/Rb ratios increase during posteruption alteration (Hofmann and White, 1983) . The 87 Sr/ 86 Sr ratios also Zack et al. (2003) . Also shown is the field for fresh MORB (Chan et al., 1992; Moriguti and Nakamura, 1998a; and MORB altered at low temperatures (Chan et al., 1992) . (Donnelly et al., 1980) . This diagram indicates that the δ 7 Li value of highly altered basalt becomes lower following dehydration, compared with that of slightly altered basalt (Zack et al., 2003) (Palacz and Saunders, 1986; Nakamura and Tatsumoto, 1988; Hauri and Hart, 1993; Woodhead, 1996; Chauvel et al., 1997; Hanyu and Nakamura, 2000; Schiano et al., 2001) .
Fig. 5. The diagram shows the Li isotopic fractionation model proposed by Zack et al. (2003). Whole-rock Li data of the Trescolmen eclogites are from
Numbers next to the altered-MORB field are the approximate wt% of H 2 O bound at interlayer sites of clays at the corresponding Li concentration
Of possible indices of posteruption alteration of land lava samples, the K/Rb ratio is the only one for which the relationship to the δ 7 Li value has been demonstrated (Chan and Frey, 2003) : the δ 7 Li values of OIBs whose K/ Rb ratios are lower than 630 are relatively uniform and low (whole-rock δ 7 Li = +3.5‰ to +7.0‰), whereas δ 7 Li values and K/Rb ratios of Hawaiian OIBs vary widely (whole-rock δ 7 Li = +3.2‰ to +9.7‰, whole-rock K/Rb = 280-2500) (see Fig. 1 ). Because the K/Rb ratios of the analyzed HIMU OIBs were lower than 630, the observed δ 7 Li values of the Polynesian HIMU OIBs (+5.0‰ to +7.4‰) can be considered to be approximately equal to the pristine (unaltered) values. Consequently, the HIMU reservoir is not enriched in isotopically light Li, although it was thought that an isotopically light Li component (δ 7 Li < fresh MORB) might form a distinct mantle reservoir based on recent Li isotopic results on eclogites (Zack et al., 2003) .
Origin of the HIMU source Li isotopic fractionation during dehydration
The Li isotopic compositions of volcanic rocks from convergent plate boundaries differ from those of divergent boundaries (Moriguti and Nakamura, 1998a; Tomascak et al., 2000 Tomascak et al., , 2002 Chan et al., 2002b) : the δ 7 Li values of many arc lavas range between those of fresh N-MORB glasses (ca. +3‰, and those of the subducted components (δ 7 Li < +14‰, Chan et al., 1992 Chan et al., , 2002a Chan and Kastner, 2000) such as altered oceanic crust and marine sediments. These intermediate δ 7 Li values can be attributed to binary mixing of DM and subducted components.
The latest Li isotopic results (Zack et al., 2003) , however, indicated a possibility that substantial Li isotopic fractionation between dehydrated fluid and residual slab occurred: the δ 7 Li value of Li in dehydrated fluid is expected to be higher than that of residual slab Li (Zack et al., 2003) . In fact, data on fluids from the Costa Rica decollement indicated that the δ 7 Li value of subduction fluids is about +20‰, significantly higher than those of the altered MORB and hemipelagic sediments from which they are derived (δ 7 Li < +14‰) (Chan and Kastner, 2000; Chan et al., 2002a) . On the other hand, it has been suggested that the δ 7 Li values of the residual slab decrease in accordance with the degree of ongoing low-temperature dehydration (Zack et al., 2003) . This model was based on a finding of dramatically low δ 7 Li values (-11‰ to +5‰) in eclogites from Trescolmen, Switzerland (Zack et al., 2003) . Figure 5 shows the Li isotopic fractionation among MORBs showing various degrees of alteration during dehydration, as computed by Zack et al. (2003) . During low-temperature alteration at the seafloor, both Li concentrations and δ 7 Li values increase with the degree of alteration (Zack et al., 2003) . In addition, the amount of H 2 O bound to the interlayer sites of clays increases with the degree of alteration (Zack et al., 2003) . Because of the large potential volume of water available for dehydration, the δ 7 Li value of highly altered basalt becomes lower following dehydration compared with that of slightly altered basalt (Zack et al., 2003) . For example, highly altered basalt with 8 wt% structurally-bound H 2 O, 80 ppm Li, and δ 7 Li of +14‰ has a δ 7 Li value of -10‰ and 20 ppm Li after dehydration (Zack et al., 2003) (Fig. 5) . By contrast, slightly altered basalt with 1 wt% structurally-bound H 2 O, 15 ppm Li and δ 7 Li of +5.5‰ has a δ 7 Li value of +3‰ and 10 ppm Li after dehydration (Zack et al., 2003) (Fig. 5) . Thus, the more a basalt has been altered, and the higher the initial δ 7 Li value, the lower the δ 7 Li value of the rock will be after dehydration (Zack et al., 2003) . Li isotopic constraint on the HIMU origin As mentioned in Section "Introduction", the most widely accepted model of the origin of HIMU source suggests that it involves subducted (dehydrated) oceanic crust (e.g., Chase, 1981; Hofmann and White, 1982; Weaver, 1991; Chauvel et al., 1992; Kogiso et al., 1997) . For this model, our new Li isotopic results exclude the highly altered portion (the uppermost part) of the oceanic crust from being the origin of HIMU source, because the δ 7 Li value of subducted highly altered MORB is predicted to be extremely low (δ 7 Li < fresh MORB) owing to the preferential loss of heavier Li (higher δ 7 Li) during dehydration at low temperatures, as mentioned in Subsubsection "Li isotopic fractionation during dehydration". Therefore, we propose that the Polynesian HIMU source originates from the relatively less-altered portion of the oceanic crust underlying the highly altered crust.
As well as in the results of this study, high δ 7 Li values (>N-MORB) of HIMU OIB have been reported in a conference abstract . Accordingly, high δ 7 Li values (>N-MORB) may be characteristic of the HIMU source. From this point of view (high δ 7 Li value), Jeffcoate and Elliott (2003) proposed that the HIMU source originates from peridotite in the mantle wedge (the hanging wall of the subducting slab) infiltrated by high δ 7 Li fluids, independently of the crustal recycling model. This model, however, may have difficulty explaining the extremely radiogenic Pb isotopic composition observed in HIMU OIBs, since this part of the wedge peridotite may have experienced Pb addition. Alternatively, the high δ 7 Li value of the HIMU source may be attributed to impregnation with heavy Li released from the highly altered portion into the less-altered portion of the oceanic crust. This interpretation implies that strata in the subducting slab may be disturbed by faulting (e.g., a horst-graben structure). Although high δ 7 Li fluid from the highly altered portion should also be characterized by low U/Pb, we can explain the high δ 7 Li (>MORB) signature of the HIMU (high U/Pb) source by a two-step dehydration model (shallow subduction = low temperature; deep subduction = high temperature). During initial low-temperature dehydration (shallow subduction), the less-altered basalt acquires high δ 7 Li (>MORB) and low U/Pb signatures by infiltration of fluid released from the highly altered portion. As stable isotope fractionation factors are temperature dependent, large Li isotopic fractionation factor is not expected to accompany Li differentiation (dehydration) at high temperature. Therefore, the subsequent high-temperature dehydration would raise enhance the U/Pb ratio of the subducting slab without significant Li isotopic fractionation occurring. Thus, we can also explain the high δ 7 Li (>MORB) signature of the HIMU source by a crustal recycling model. A definite conclusion, however, must be reserved, because the δ 7 Li difference between HIMU OIBs and MORBs is minute. Consequently, the possibility that the δ 7 Li value of HIMU OIBs can be explained by posteruption alteration has to be studied in greater detail. Relationship between EM and HIMU sources Several researchers have proposed that EM sources are derived from ancient dehydrated subducted basalt (the HIMU source) contaminated with small amounts of sedimentary components (e.g., Weaver, 1991; Chauvel et al., 1992; Roy-Barman and Allègre, 1995) . A mixture of old basaltic crust and pelagic sediment (µ = ~5 and κ = ~6) may produce EM1, whereas a mixture of old basaltic crust and terrigenous sediment (µ = ~10 and κ = ~4.5) may produce EM2 (Chauvel et al., 1992) .
As mentioned above, our results presented here suggest that the Li in the HIMU source originates from Li of the relatively less-altered portion of oceanic crust underlying highly altered crust. To compensate, subducted highly altered basalt of the uppermost part of the oceanic crust may lead to the EM1 reservoir (Nishio et al., 2004) . From the Li-Sr-Nd isotopic results on mantle-derived xenoliths, Nishio et al. (2004) has inferred that the extremely low δ 7 Li value may be property of the EM1-like metasomatic agent. Consequently, Li isotopic data suggest the model in which the HIMU and EM1 sources originate from different parts of a recycling oceanic crust, with the EM1 source including the upper part of the crust that is absent from the HIMU source. This is essentially same as the models proposed previously (Weaver, 1991; Chauvel et al., 1992; Roy-Barman and Allègre, 1995) , but with the Li isotopic data requiring uppermost, highly altered basaltic crust as well as pelagic sediment in the EM1 source, but not so in the HIMU end-member.
Li isotopic composition of other Polynesian OIBs
The δ 7 Li values of the lavas from Tahiti, Hiva Oa, and Ua Pou analyzed in this study varied from +3.9‰ to +6.1‰ (Table 1) . Among them, the δ 7 Li value of sample UAP-301 (+6.1‰) was significantly higher than those of fresh N-MORB glasses (+3.2 ± 1.4‰, 2σ, . The K/Rb (270) and Ba/Rb (11) ratios rule out the possibility that the analyzed Ua Pou lava experienced significant posteruption alteration ( Table 1 ). The 206 Pb/ 204 Pb ratios of Tahiti, Hiva Oa, and Ua Pou OIBs analyzed in this study were lower than those of the HIMU OIBs (Table 1, Kogiso et al., 1997) . In particular, as mentioned in Section "Results", the low 143 Nd/ 144 Nd ratio of the Ua Pou OIB ( 143 Nd/ 144 Nd < DM-HIMU) suggests that some degree of contribution from EM1 and/or EM2 sources is required. Based on Li-Sr-Nd isotopic systematics of mantle-derived xenoliths, Nishio et al. (2004) estimated that the δ 7 Li values of the EM1-like and EM2-like metasomatic agents are <-17‰ and +6‰, respectively. These findings suggest that the high δ 7 Li values of the Ua Pou OIB may be attributed to the involvement of an EM2 source.
CONCLUSIONS
The δ
7 Li values of the analyzed Polynesian HIMU OIBs (+5.0‰ to +7.4‰) were higher than those of fresh N-MORB glasses (+3.2 ± 1.4‰, 2σ, . The simultaneously measured K/Rb, Ba/Rb, and 87 Sr/ 86 Sr ratios indicate that the analyzed HIMU OIBs are free from significant posteruption alteration. These results suggest that the δ 7 Li value of the Polynesian HIMU source is never lower than those of N-MORBs. Consequently, the Polynesian HIMU reservoir is not enriched in isotopically light Li.
Among the numerous models for the origin of the HIMU source, the crustal recycling model is that it involves subducted (dehydrated) oceanic crust. For this HIMU-origin model, our new Li isotopic results exclude the highly altered portion, that is, the uppermost part of the oceanic crust, because the δ 7 Li value of subducted highly altered MORB is predicted to be extremely low (δ 7 Li < fresh MORB) owing to the preferential loss of heavier Li (higher δ 7 Li) during dehydration at low temperatures (close to the trench). Therefore, we propose that the Polynesian HIMU source originates from the relatively less-altered portion of oceanic crust underlying the highly altered crust. To compensate, the subducted highly altered basalt of the uppermost part of the oceanic crust may lead to the EM1 reservoir (Nishio et al., 2004) . This is essentially the same model as that which attributes EM sources to a contaminated HIMU source, as has been proposed previously (Weaver, 1991; Chauvel et al., 1992; RoyBarman and Allègre, 1995) .
Whereas the Pb, Sr, and Nd isotopic signatures dominantly indicate the involvement of sediments in a source, the Li isotopic signature is more sensitive to the degree of alteration experienced by the basaltic crust and can thus be used to distinguish what part of the basaltic crust was trapped by OIB magma. It therefore provides information complementary to that provided by the radiogenic isotopes. 
